'it 



(19) 



J 



Eurppfiische© Patenlamt 
European Patent Office 
Office europeen dee brevets 




(12) 



(H) EP 0 952 682 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

27.10.1999 Bulletin 1999/43 

(21) Application number 99201224.S 

(22) Date of filing: 21.04.1999 



(51) intciA H04B 7/005 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES FI FR GB GR IE IT U LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMK ROSI 

(30) Priority: 22.04.1998 US 82671 P 

(71) Applicant: Texas Instruments Incorporated 
Dallas, Texas 7S251 (US) 



(72) Inventors; 

♦ Schmidt, Timothy 
Dallas, Texas 75240 (US) 

* Hosur,SrInath 

Dallas, Texas 75206 (US) 

• Dabak, Anand G 
Richardson, Texas 75028 (US) 

(74) Representative: Holt, Michael 
Texas Instruments Ltd., 
PO Box 5069 

Northampton, Northamptonshire NN4 7ZE (GB) 



<54) SK^ssssr- e,rt * m " nd n " ,ho<, "** — — - — ' 



(57) The present invention Is an improved system 
and method for transmitting and receiving digital infor- 
mation over mobile communication channels The 
present invention includes an enhanced channel esti- 
mator (34) which iteratively estimates channel ampli- 
tude and phase distortion from received pilot and data 



signal information at various tune instants. The iterative 
channel estimation scheme of the present invention pro- 
vides increased performance of the transceiver system 
which allows for efficiencies such as transmission of a 
minimal amount of pilot information and reduction in the 
transmitted power 



CM 
< 

CM 
00 
<0 

CM 

8 

O 

Q. 
UJ 



BNSOOOD:<£P_ 



32 



DESPREADING 
BLOCK 



MEASURED HERE 

I 



34 

jL 



FIG. 3 



ENHANCED 
CHANNEL 
ESTIMATO R 

~T~ 



MAXIMAL RATIO 
COMBINER 



"7 

36 




38 



VITER8I 
DECODER 



BER 

MEASURED HERE 



Printed fay Jouve. 75001 RARfS (FR) 



BEST AVAILABLE COPY 



_0952G82A*_L> 



EP 0 952 682 A2 

Description 



10 



IS 



so 



2S 



TECHNICAL FIELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 

wireless communications services InduSZSSSlK^? . ^ * pr0Vlde 8 wfcte *"9e of multimedia 
use modulation schemes such £ SS3 ?f° ^T'" 9 ^ Jn,emel «"■"•• ^ems 

up to 2 megabits per second (Mb^T dMSi °° moh, P ,ea ^(^CDMA') to suppwtcita transfer rates 

signal transmitted from one point to iST anE * ^"8 transmission. In a wireless environment, a 
off anything, such as the ground. ttJSSSS builcX \ £!£ 5E2!? ""«•• 
eventually arrive at some received point whereTev mS^'J^TV^ T** 11,850 
^■wheretr»reieve.y iwiesi^ at times, in deep 

themuRipalhphenonwnon isvartebteandTpre^ 

Keff^^ 
•shed ,n general, the ^ tJKSK^^ 

signal fadhg may cause the narrow barSeXj^^Ji^ 18 10 mU " ,pa,h ,adinfl - Thu8 ' white ™«"Pa«h 
timedMslonmunipteaccess^An ^SdtlS^L^ 'T^^™ mu,,i P te **** ("FDMA^ or 
is tost. Although this unique corrmunica ^ <**» W- CDMA energy 

brought about by mead^ento^^d^ 

feasible. 8 9 ^ "'8" s Pe«l custom components has recently made commercialization 

^S!iXE£!2& ttttiSX* *° ~ ft*, signal vrfth a 

they nuke the sic^lappear^ 88 8 P seudo ™ i «» ("PN") digital signal 

portion of the band. Messages can also ^togr^ 

= ing as tt,e entire transmitteoVreceived mSgT^X^ ***** *■* 8e " 

Sr^SSfrS^^^ 

i.e.. it responds only to signals that amSSSS^mSSX ^ * 88 8 6pecte,,y ™* 
40 (SS signal demodulator) can be Wto1E™£^£. ^£2 ^1™''*** ,tS ° wn «**>• ™«« the SS correlator 
respond to man made, natural or M°^T^J^\ V *T g ' te **** The correla ^ *** not 
signa. characteristics and ««~«?S15355^ « ^ 10 SS ^ ""^ «""■*- 
channel because their conversations a» dlE2L k CDMA U8ers can »hus *are the same frequency 

method is inherent SeZZZT^cT^T 1 ' 0 ^i"* "* 8UrpnSinflly - «* 
45 ^^MlO-20MH2)andslgnSKnflc^^ Furthermore, the occupied 

the narrow band N-CDMA •*JSJS3ESS5S^ 
primarily for vote services. Thus, the perf^ceof 

modulation scheme. performance of W-CDMA in a wireless environment is farsuperior to any existing 

- Kes^r^^^ 

channel (ore base station toa^uXlfm™^ ?* B * *" 1 ^ CDMA 

demodulation, and provides a means for aJ^s^Z ^^TT 1 P™* 88 a P hase forcoherent 
handoff. 6.gnai strength comparisons between base stations for determining when to 

symbols may men be used to^a ch^ntT^ 6Uch 88 8 ^ ""raging of the pilot 

«hown,asillust ra t«finFig.2.lnLrakerecrer ttJlEHL^ T"" 8 ' ra1l ° COmbinin9 at 8 rate not 
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phqr pilot ctamM IMsM ^.Luon ST^^VS J&X *°" m P |a »" Bm « "«» *»» Mm- 



Current overhead for the transmission of pilot symbols 



Table 1. 
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Symbol rate (KSPS) 



Numberof pilot symbols per 
time slot in current standard 



Number of symbols per time 
slot 




Bandwidth overhead for 
current pilot symbol 
transmission 



r0011] "hatisneadodfcane^^ 
30 SUMMARY OF THE INVENTION 

Hemtvely estimate*^™ 7 l " ClUdeS 30 enhanced chan "« l «*«™tor which 

tirrwinsLs ^ 

DESCRIPTION OF THE DRAWINGS 
(0016J 

Fta IS STET "V*"* Cfe9ram i,luS,ratin9 insertion * P** s y mbo, s Wo each time slot of a data channel- 

F g. 2A .s a block diagram of an exemplary channel estimation scheme- 
F£2Bsh<>wsabk*k^^ 

SL££T ^ b,OCk d ' a9famS * ,h8 es ' ima *» «h""*s h accordance with the present 
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DETAILED DESCRIPTION OF THE INVENTION 
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30 



data is shown in Flo 4 at ^S^^Z^L7^^ mnUnteattons chartnels - ««mplary btech of digital 

atarate<>fl600Hertz(5E 
^edto illustrate the^ 
^taareeemovere^^ 

channel estimation hlbm^ta^^,^^ ^T™ 1 8Cheme to U8ed ' resuf ""9 

channel information are avemgeo^emeT Wn9 Channe ' Os,ima,ion lnforma,to " from the data 

^eaveragC ^ *" im P temented U8h 9 « Wiener fitter. 

TheWienerfiJfepS^^^^ 

permit arrfrta is the'nJsTsS^ 

the^ot channels maybe uSodetermtetoe^ " ^ * w "* ""**-■» * 

contemplated that the nrcceive «^to?lSi^ ™^ . frC>m 11,9 various ™"'P*h "urces. It is also 
combiner 44 is bypassed. ngW may * prccessed in which case the rake 

K N R^^ 

atbk*k56isperformedusS 
J^P^r^^^^ 

22 bu^cTanTe^^^ "* ^ ^ ™* **"*» * — 

the bytes of the encWmeSgT — ^ ^ deln,erieave ' °" the other hand, readers 

Er^C;^ 

42 is acceptable. ^ZSTof ^ ^" 8 '^teasperfc^ by initial channel estimator 

the systent The iZ^S^^S^I^^ te determined based on the desired SNR chosen for 

the SNR from the Tedious ESSE * 'ITV* ™ pmkM ThUS ' " »* h 

'™«0,.ne signal^ not yet been per- 

another channel estimation The process isVeo^ f is used by the inrtial channel estimator 42 to perform 

from the previous channeTes^SepS pre ^ term,nfld " umb " - *- or until me gain in the SNR 
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[0029] Thus the ^J^Z^o^Tu^^ " «eal channel estLton. 

. dB at the output J^Z^^l^^i^ 0 * *> 5 a • va'ueof 4).1355 dB (4.6345 

theolherhand.thesame|^^^ 
decoder 38) using one ttemt^l^aM ^ 
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TABLE 3. (continued) 



Est™.* h SNR ' • ,ram •*» ^-.channa, estimate in accordance with the present Mention 
over averaging the channel values over pilot symbols. 



iterative 
channel 
estimation, 2 
iterations 
(<*B) 

E b %gafn for 
iterative 
channel 
estimation, 1 
Iteration (dB) 

E^q gain for 

Iterative 

channel 

estimation, 2 

iterations 

(dB) 

Estimated 
extra MIPS 
for iterative 
channel 
estimation, 1 
iteration 

Estimated 
extra MIPS 
for iterative 
channel 
estimation, 2 
Iterations 
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0.16 



-0.57 



0.29 



0,32 



0.64 



-0.55 



-0.48 



0.34 



0.70 



0.32 



0.64 



0.32 



0.64 



-1.31 



0.75 



0.87 



0.32 



0.64 



-1.30 



0.77 



0.90 



0.32 



0.64 



-1.25 



0.96 



1.11 



0.32 



0.64 



detail, ft should be understood 
and scope of 



Claims 

.1. Apparatus for receiving digital information over mobile 



communication channels, said apparatus comprising: 



so 



ss 



means for combining said received blocks of digital data; and 

means for decoding said combined blocks of digital data to retrieve transmitted information. 



2. The apparatus of Claim 1 wherein saidchannel estimation 



means includes: 
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means for deleting an initial channel estimation from said received blocks of digital data, 
means for determining said associated signal to noise ratio- 

4. The method of Claim 3 further including the steps of: 

S! ^HHS" 9 an J nitla, Chann ° l e8tima,i0 " ^ing said received blocks of digital data- 
£) combNng sad received bkxks of digital data. sa« combhed data having an associated eignaMo-notee 

; (c) determining said associated signal to nofee ratio- 

(e) ^modulating said combined data by a second method If said associated stanaUo-noisa ratio is th»n 
sa«d first pre-determlned threshold to generate estimated data eymtS and mto fe ,e8s than 

eS,mat8d Symb ° b ^ KM btocks <* d * tel ^ to generate an updated 

* 5. The method of Claim 4 further including the steps of: 
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FIG. 1B 
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